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$\nu\frac{\partial^{2}u}{\partial z^{2}}|_{z=h}=-\lambda\cdot u|_{z=h}$ , $( \lambda=\frac{2\nu}{h^{2}})$ . (1)
$(z=h)$ $u=(u, v, 0)$ $p$
$\nabla\cdot u=0$ , (2)
$\frac{\partial u}{\partial t}+(u\cdot\nabla)u=-\frac{1}{\rho}\nabla P+\frac{1}{Re}(\triangle u-\lambda u)+F$. (3)
2 \mbox{\boldmath $\psi$}
$u= \frac{\partial\psi}{\partial y}$ $v=- \frac{\partial\psi}{\partial x}$ , (4)
rot
$\frac{\partial\triangle\psi}{\partial t}+J\{\triangle\psi, \psi\}=\frac{1}{Re}(\triangle^{2}\psi-\lambda\triangle\psi)+\tilde{F}$, (5)
$\triangle=\frac{\partial^{2}}{\partial x^{2}}+\frac{\partial^{2}}{\partial y^{2}},$ $J \{f, g\}=\frac{\partial f}{\partial x}\frac{\partial g}{\partial y}-\frac{\partial f}{\partial y}\frac{\partial g}{\partial x}$ (6)
$F=(\frac{1+\lambda}{Re}\sin y, 0)$ $u=(-\sin y, 0)$ $(\Psi=\cos y)$
$\psi’$ $\psi=\Psi+\psi’$
(5)





$\frac{\partial\Delta\psi}{\partial t}-J\{\Psi, (\Delta+1)\psi\}=\frac{1}{R_{L}}(\triangle^{2}\psi-\lambda\triangle\psi)$ , (8)
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$Re$ $R_{L}$ \Psi





$=$ $\frac{\alpha}{2}[\{\triangle(\alpha, \beta+n-1)-1\}a_{n-1}-\{\triangle(\alpha, \beta+n+1)-1\}a_{n+1}],$ (10)
\Delta (p, $q$ ) $=p^{2}+q^{2}$
(Meshalkin and Sinai(1961))
(10) $\sigma=0$ $R_{L}$ (10)
$R_{L}$
$\frac{1}{R_{L}}a_{n}$ $=$ $\frac{\alpha}{2\Delta(\alpha,\beta+n)\{\triangle(\alpha,\beta+n)+\lambda\}}$
$\cross$ $[\{\triangle(\alpha, \beta+n-1)-1\}a_{n-1}-\{\triangle(\alpha, \beta+n+1)-1\}a_{n+1}],(11)$
$\frac{1}{R_{L}}$ $a$ $=M(\alpha, \beta, \lambda)a$ , $a=(\begin{array}{l}|a_{-1}a_{0}a_{1}|\end{array})$ , (12)
$\lambda$
$\alpha$ $\beta$ $R_{L^{\text{ }}}R_{L_{C}}$
$N=3$
( $\lambda=20$ $\lambda=100$ ) 1
\beta $R_{L}$
$\alpha$ $R_{L}$ $\alpha=0$ $\alpha=1$




2 \alpha Lc 0.59
Dolzhanskiy(l 987)
3.2
Dolzhanskiy $R_{\lambda}=R_{\nu}/\lambda$ \mbox{\boldmath $\psi$} $=e^{\sigma t}\psi’(x, y)$
(8)
$\sigma\triangle\psi’-J\{\Psi, (\triangle+1)\psi’\}=\frac{1}{R_{\nu}}\triangle^{2}\psi’-\frac{1}{R_{\lambda}}\triangle\psi’$ . (13)
2
$R_{\nu}$ ( \Delta 2co )
$R_{\lambda}$ ( \triangle E)
$\lambda=0$ ${\rm Re}\sigma=\sigma(\alpha, R_{\nu})$
2 ${\rm Re}\sigma=0$ $R_{\lambda}^{-1}=\sigma(\alpha, R_{\nu})$ $({\rm Re}\sigma$
$R_{\lambda}^{-1}$ ) $(\alpha, R_{\lambda}, R_{\nu})$
2
$\lambda=0$ \mbox{\boldmath $\sigma$} $($ \alpha , $R_{\nu})$ $Lin(l958)$
Wasow$(l948)$
${\rm Re}\sigma=\sigma(\alpha, R_{\nu})$ , $R_{\nu}arrow\infty$ \mbox{\boldmath $\sigma$}(\alpha ) ( ) .
$R_{\nu}^{-1}arrow 0$ $R_{\lambda}^{-1}$ $\sigma(\alpha)$
$R_{\lambda}^{-1}=0$ $\sigma(\alpha, R_{\nu})=0$ $R_{\lambda}^{-1}\neq 0$ ( $U$ )
$\lambda$







$E= \frac{1}{2}\int\int_{S}(u^{2}+v^{2})dS(=-\frac{1}{2}\int\int_{S}\psi\Delta\psi dS)$. (14)
$S$ $\partial S$ $u=v=0$
(14) (7)
$\frac{d}{dt}E$ $=$ $\int\int_{S}(u\frac{\partial u}{\partial i}+v\frac{\partial v}{\partial t})dS$
$=$ $- \int\int_{S}\psi\frac{\partial}{\partial t}(\Delta\psi)dS$
$=$ $- \frac{1}{R}\int\int_{S}(\psi\Delta^{2}\psi-\lambda\psi\Delta\psi)dS$
$+ \iint_{S}\psi J\{\Psi, (\Delta+1)\psi\}dS+\iint_{S}\psi J\{\psi, \Delta\psi\}dS$ . (15)
$ff_{S}[\psi J\{\psi, \Delta\psi\}]dS=0$ $\psi$
2
















$R_{E_{C}}^{-1}$ $I/D$ $R_{E_{\text{ }}}$ $R_{E}$
$\psi$ $I/D$
$\delta(\frac{I}{D})=\frac{\delta I\cdot D-I\cdot\delta D}{D^{2}}=\frac{1}{D}(\delta I-\frac{I}{D}\delta D)=0$, $\delta I-\frac{1}{R_{E}}\delta D=0$ . (21)
\delta D $\delta I$
$\delta D$ $=$ $2 \iint_{S}\delta\psi[\triangle^{2}-\lambda\triangle\psi]dS$, (22)
$\delta I=$ $- \iint_{S}\delta\psi[\frac{\partial}{\partial x}(K\frac{\partial\psi}{\partial y})+\frac{\partial}{\partial y}(K\frac{\partial\psi}{\partial x})]dS$ , (23)
$K= \frac{1}{2}[-\frac{\partial^{2}\Psi}{\partial x^{2}}+\frac{\partial^{2}\Psi}{\partial y^{2}}]$ . (24)
$\delta\psi$ $R_{E}$






$\Psi=\cos y$ $y$ $2\pi$









$\lambda$ 50 100 200 300
4 $N$ 4 8 10 12
$\lambda$ \alpha , $\beta$ $R_{E}$ RE $3(a)$
$\lambda=20$ $R_{E}$ $\alpha$ , $\beta$ $R_{E}$
$\alpha=\beta=0$ $R_{E}$ $0<\lambda<49.1$ $\lambda$
$3(b)$ $\lambda=100$ $R_{E}$
$\alpha=1.78,$ $\beta=0$ $R_{E}$ $\lambda>$ 49.1. . . $R_{E}$
$\alpha$ $\beta$ $3(a)$ , $3(b)$ $R_{E}$
$R_{E_{C}}$ $\beta=0$
\alpha $R_{E}$ $4(a)$ ,
$4(b)$ $3(a)$ , $3(b)$ \beta = $0$ (\alpha )










$R_{E_{C}}$ $\alpha$ $\alpha_{E_{C}}$ 6 $\alpha_{E_{C}}$ $\lambda<$
49.1 $\alpha_{E_{C}}=0$ $\lambda>49.1$ $\alpha_{E_{C}}$
$R_{E_{C}}$ $\lambda=49.1$ $\alpha_{Ec}$
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$4(a)$ $4(b)$ $R_{E}$ $\alpha=0$
( $\lambda=20$ $\lambda=100$ )
7 $\alpha=0$ $R_{E}$ 7
7
$\alpha=0$ $R_{E}$
4.3 ( $\alpha=0$ )
’ $F(y)$ $R_{E_{C}}$ $\alpha=0$
(Gotoh, K., M. Yamada
and $J.$ Mizushima (1983), Sivashinsky, G. I. and V. Yakhot (1985))
\mbox{\boldmath $\psi$} $=e^{i(\alpha x+\beta y)}F(y)$ (25)
$F(y)$
$\{(\frac{\partial^{4}}{\partial y^{4}}-\lambda\frac{\partial^{2}}{\partial y^{2}})+\alpha^{2}(-2\frac{\partial^{2}}{\partial y^{2}}+\lambda)+\alpha^{4}\}F=i\alpha R_{E}(\frac{1}{2}snyF-\cos y\frac{\partial}{\partial y}F)$ .
(28)
\alpha $F(y)$ $R_{E}$ $\alpha$
$F=F_{0}+\alpha F_{1}+\alpha^{2}F_{2}+\cdots$ , (29)
$R_{E}=R_{0}+\alpha R_{1}+\alpha^{2}R_{2}+\cdots$ . (30)
(28) $\alpha$
$O(1)$ : $( \frac{\partial^{4}}{\partial y^{4}}-\lambda\frac{\partial^{2}}{\partial y^{2}})F_{0}=0$ , (31)
$O(\alpha)$ : $( \frac{\partial^{4}}{\partial y^{4}}-\lambda\frac{\partial^{2}}{\partial y^{2}})F_{1}=iR_{0}(\frac{1}{2}$ sln $yF_{0}- \cos y\frac{\partial}{\partial y}F_{0})$ , (32)
$O(\alpha^{2})$ : $( \frac{\partial^{4}}{\partial y^{4}}-\lambda\frac{\partial^{2}}{\partial y^{2}})F_{2}+(-2\frac{\partial^{2}}{\partial y^{2}}+\lambda)F_{0}$
$=iR_{0}( \frac{1}{2}\sin yF_{1}-\cos y\frac{\partial}{\partial y}F_{1})+iR_{1}(\frac{1}{2}\sin yF_{0}-\cos y\frac{\partial}{\partial y}F_{0})$ ,
(33)
$O(\alpha^{3})$ : $( \frac{\partial^{4}}{\partial y^{4}}-\lambda\frac{\partial^{2}}{\partial y^{2}})F_{3}+(-2\frac{\partial^{2}}{\partial y^{2}}+\lambda)F_{1}$
$=iR_{0}( \frac{1}{2}\sin yF_{2}-\cos y\frac{\partial}{\partial y}F_{2})+iR_{1}(\frac{1}{2}\sin yF_{1}-\cos y\frac{\partial}{\partial y}F_{1})$
61
$+iR_{2}( \frac{1}{2}\sin yF_{0}-\cos y\frac{\partial}{\partial y}F_{0})$ , (34)
$n\geq 4$
$O(\alpha^{n})$ : $( \frac{\partial^{4}}{\partial y^{4}}-\lambda\frac{\partial^{2}}{\partial y^{2}})F_{n}+(-2\frac{\partial^{2}}{\partial y^{2}}+\lambda)F_{n-2}+F_{n-4}$




$F_{0}=const$ . $\equiv 1$ . (36)
(32) $=1$
$F_{1}= \frac{iR_{0}}{2(\lambda+1)}$ sm $y$ , (37)
(33) $F_{0},$ $F_{1}$
$( \frac{\partial^{4}}{\partial y^{4}}-\lambda\frac{\partial^{2}}{\partial y^{2}})F_{2}=-\lambda+\frac{R_{0}^{2}}{8(\lambda+1)}+\frac{3R_{0}^{2}}{8(\lambda+1)}\cos 2y+\frac{iR_{1}}{2}\sin y$ (38)
$F_{2}$
$0$
$\ =fi(\lambda+1)$ . (39)
$F_{2}= \frac{iR_{1}}{2(\lambda+1)}\sin y+\frac{3R_{0}^{2}}{8\cdot 4(\lambda+1)(\lambda+4)}\cos 2y$ , (40)
$l\grave{\}}^{\backslash }$ tt 6 (34) $\ell c$ , $F_{1}$ , lt $\text{ ^{}\sim}C$ $3^{-}$
( $\frac{\partial^{4}}{\partial y^{4}}-$ A $\frac{\partial^{2}}{\partial y^{2}}$ ) $F_{3}= \frac{R_{0}R_{1}}{4(\lambda+1)}+\frac{3R_{0}R_{1}}{4(\lambda+1)}\cos 2y$
$+i[ \frac{R_{2}}{2}-\frac{R_{0}(\lambda+2)}{2(\lambda+1)}+\frac{9R_{0}^{3}}{4\cdot 4\cdot 8(\lambda+1)(\lambda+4)}]\sin y$




$=i[ \frac{R_{2}}{2}-\frac{R_{0}(\lambda+2)}{2(\lambda+1)}+\frac{9R_{0}^{3}}{4\cdot 4\cdot 8(\lambda+1)(\lambda+4)}]\frac{1}{\lambda+1}\sin y$
$+i \frac{3\cdot 5\cdot R_{0}^{3}}{4\cdot 4\cdot 8\cdot 9(\lambda+1)(\lambda+4)(\lambda+9)}\sin 3y$ , (43)
(35) $F_{0},$ $F_{1},$ $F_{2},$ $F_{3},$ $R_{1}$
$( \frac{\partial^{4}}{\partial y^{4}}-\lambda\frac{\partial^{2}}{\partial y^{2}})F_{4}$
$=-1+ \frac{R_{0}R_{2}}{8(\lambda+1)}+\frac{R_{0}}{4(\lambda+1)}[\frac{R_{2}}{2}$ $\frac{R_{0}(\lambda+2)}{2(\lambda+1)}+\frac{9R_{0}^{3}}{4\cdot 4\cdot 8(\lambda+1)(\lambda+4)}]$
$+i \frac{R_{3}}{2}\sin y$
$+3[1- \frac{R_{0}^{2}(\lambda+8)}{4\cdot 8(\lambda+1)(\lambda+4)}+\frac{5^{2}R_{0}^{4}}{4\cdot 4\cdot 4\cdot 8\cdot 9(\lambda+1)(\lambda+4)(\lambda+9)}]\cos 2y$
$+ \frac{3\cdot 5\cdot 7\cdot R_{0}^{4}}{4\cdot 4\cdot 4\cdot 8\cdot 9(\lambda+1)(\lambda+4)(\lambda+9)}\cos 4y$ . (44)
$=0$
$-1+ \frac{R_{0}R_{2}}{8(\lambda+1)}+\frac{R_{0}}{4(\lambda+1)}[\frac{R_{2}}{2}$ $\frac{R_{0}(\lambda+2)}{2(\lambda+1)}+\frac{9R_{0}^{3}}{4\cdot 4\cdot 8(\lambda+1)(\lambda+4)}]=0$.
(45)











Bondarenko et $al(1979)$ $\lambda\approx 20$
$R_{E_{C}}<R<R_{L_{C}}$
$\lambda=\lambda_{0}$
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